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This application is a contin uation application of 
Reissue ApplteSTCog- Ser ial No. 08/853 , 507 , 
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original] U.S. Patent No. 5,414,66?, 

issued May 9, 1995, whic h was a continuaMnn" 
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FIELD OF THE INVENTION 

This invention relates to semiconductor dynamic 
random access memories (DRAMs) and in particular to 
apparatus and methods for controlling the sensing of bit 
lines. 

BACKGROUND TO THE INVENTION 

A DRAM- is generally formed of an array of bit stor- 
age capacitors which are accessed via word lines and bit 
lines, the word lines being located in rows and the bit 
lines being located in columns. The capacitors are cou- 
pled via access transistors to the bit lines upon being 
enabled by the word lines; each capacitor is thus associ- ; 
ated with the intersection of a bit line and word line. 

In high speed DRAMs, the bit lines are usually pro- 
vided as a folded bit line (pairs of complementary bit 
lines), with a sense amplifier connected to both bit lines 
of a folded bit line. During a read operation the charge .' 
stored on a capacitor is dumped on one of the lines of 
the folded bit line, and the sense amplifier senses the 
resulting differential in potential between the two lines 
of a folded bit line, applying full logic voltage levels to 
the bit lines which both restore the charge on the stor- 
age capacitors and apply full logic levels to data buses 
to which the bit lines are coupled.. 

Bit lines typically have a capacitance of around 
0.2-0.5 pF. During sensing, current being passed 
through the sense amplifier to provide full logic voltage 
levels on the bit lines is consumed in charging the ca- 
pacitance of the bit lines. The bit line voltage differen- 
tial must exceed a certain noise margin before the levels 
on the bit lines can be read to the.databuses. Clearly the 
voltage differential on the lines of the bit lines must be < 
above that certain level, which requires a substantial 
capacitor charging time, which, in turn results in r a 
slowed sensing interval. 

A technique for attempting to deal with bit line ca- 
pacitance is to insert an isolation device to isolate the • 
sense nodes associated with the sense amplifier from the 
bit lines during the ini t ia l sensing period. In other 
words, a memory capacitor associated with one of the 
lines of the bit line is enabled to dump its charge on one 
bit line, following which both bit lines are completely 
isolated from the sense amplifier. Since the small 
amount of capacitance associated with the sense node 
retains some charge differential, subsequent enabling of 
the sense amplifier causes it to sense this differential, 
and to apply the full logic level to the sense nodes for : 
application to the databus. Since the sense nodes are 
now completely isolated from the bit lines, the bit lines 
need not be charged up by the power supply associated 
with the sense amplifier, and the time for charging the 
bit line capacitances thus is substantially eliminated. 

However since the capacitance associated with the 
sense nodes isolated from the bit lines is so stt>?H , only a 
fraction of the total charge differential is available for 
sensing. This is dangerous, in the sense that the differen- 
tial can be marginal, and an erroneous bit sensed. In 
addition, operation of the isolators introduces an addi- 
tional step in- a memory access sequence* sacrificing 



It has also been found that the conductive tracks 
which carry the sense amplifier clock signals must sup- 
ply considerable current in order to provide, for all 
sense amplifiers on the chip, full logic levels. That car- 
rent must not only charge the bit lines and sense nodes, 
but also the databases. The conductive tracks across the 
semiconductor integrated circuit contains resistance, 
and the heavy clock current passing down the tracks 
creates a voltage difference. This creates a significant 
differential in the speed of operation of sense amplifiers 
close to the sense amplifier clock drivers from those at 
the far ends of the tracks. Access of data from the mem- 
ory must be slowed to accommodate the slowest sense 
amplifier. 

SUMMARY OF THE INVENTION 
One embodiment of the present invention uses an 
isolation device as in the prior an described above, but 
utilizes an imperfect isolation device which can be en- 
abled over an interval and in addition provide a voltage 
drop. Preferably the isolation device is a field effect 
transistor (FET) which has its source drain circuit in 
series between a sense node and an associated bit line. 
The gate of each FET is held at a voltage which main- 
tains it imperfectly open, and changes to a level which 
allows each FET to conduct when the sense amplifier 
operates (eg. its gate-source voltage is similar to the 
logic level supplied by the sense amplifier). The imper- 
fect isolation referred to herein means that the source- 
drain of the FET is in a high resistance state, but allows 
some charge leakage through it. 

Thus when the memory capacitor dumps its charge 
on the associated bit line, the charge leaks through the 
unperrect isolation device to the associated sense node 
of the sense amplifier. During a first part of the sense 
cycle the voltage on the gate of each isolating field 
effect transistor is changed to the logic level which is to 
be applied to the sense amplifier. Due to the leakage 
through the imperfect isolating device, charge from the 
memory capacitor leaks to the sense node. 

During a subsequent portion of the sense interval, the 
sense amplifier is enabled. Due to the charge differential 
between its sense nodes, the sense amnliner apDlies full 
logic voltage level to the sense nodes* which ii applied 
to the databuses. However due to the voltage drop 
across the isolating FET, there is significantly less cur- 
rent consumed in charging the bit line capacitance. As a 
result the sense nodes reach full logic levels considera- 
bly faster than in the prior art 

Some rime after sensing is started, the gate source bias 
of the isolating FET is increased to allow bit lines to be 
charged to full logic levels (overcoming the threshold 
voltage drop in the FET). This allows bit line charging 
current to be distributed over rime. 

According to an embodiment of the present inven- 
tion, a dynamic random access memory (DRAM) is 
comprised of a plurality of bit storage' capacitors, a 
roloed oit line for receiving charge stored on one of the 
capacitors, having bit line capacitance, a sense amplifier 
having a pair of sense nodes for sensing a voltage differ- 
ential across the sense nodes, apparatus connected to 
-the bit line and the sense nodes for imperfectly isolating 
the sense nodes from the bit line whereby current can 
leak therethrough, apparatus for enabling the sense 
amplifier and for disabling the isolating apparatus and 
thereby removing the isolation berween the sense ampii- 
fier and the bit line, whereby cujerent passing through 
the sense amplifier to the sense nodes is enabled to 



